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1. Summary:

a. Studies show that a powdered carbon/coagulation process is the most
effective method of treatihg the waste water. The total organic carbon (TOC) -
concentration of the woste water could be reduced from 40 mg/1 to 5 mg/1 at
a carbon dose of 2.0 grams per liter and coagulant dose. of 1.0 mg/1.

b. The reverse osmosis unit reduced the TOC concentration from 40 mg/l
to 8 mg/1 using the PA 300 membrane. With proper design, the system should -
be capabie of recovering 50 percent of the water. |

c. Granular carbons and po1ymeric exchange resins dre not as effective
in reducing the TOC as tHe carbon coagulation process or the reverse 0Smosis
process. |

d. Al1l the processes have the problem of disposat of waste streams;
however, in the destgn of a particular process this can be minimized.

e. It is recommended that field etudies be conducted at Rocky Mountain
Arsenal using the carbon/coagu1at1on process and the reverse osmosis system.

f. Additional bench-scale treatab111ty studies need to be conducted

using ozonation. The refractory compounds must be jdentified since they
[14 - W il
may be toxic. ‘means = b s Zyevs 145

. t:(
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2. Background: ﬂqﬂf* y’”ﬁlj““ﬁ Cer ﬁ‘_ B

a. On 12 April 1975 the Colorado State Health Departmentjre]eased a re-

port on groundwater studies conducted at .and around Rocky Mounta1n Arsena]

- This report subsequently 1e d to the issuance of a cease and desist order




This same report charged Rocky Mountain Arsenal with allowing dicyclopentadiene
and diisopropyl methyl phosphonate to contaminate groundwater. It was re-
commended that reclamation of the ground water begin immediately.

b. Review of the beps of Engineers report (1961) and US Army Environ-
mental Hygiene Agency  report (1973) showed that the water table does
intersect the bog in Section 24 as shown in Figufe 1. Both reports contain
analyses of well waters located in this section which substantiate this fact.
Based upon the available infofmation, it was concluded fhat)if the contami-
nants in the bog seep water could be removed or destroyed, then it would be

feasible to attempt a reclamation program for.the groundwater.

c. In June and July 1975, COL Gerald Watson, Commarider RMA, Dr. William

‘McNiell, Scientific Director RMA, and LTC Robert Carnahan, Environmental

Engineer at USAMERDC, developed a_pTan'to conduct the treatability study
described in this report. These studies were started in September 1975 after
receiving one hundred gallons of seep water from the bog.

3. Problem Statement: The immediate problem was to determine the applica-

bility of unit processeés, such as reverse osmosis, adsorption, and chemical
okidation, in the removal or destruction of:the trace organics in the seep
water. Optimizing the most feasib]e processes for scale-up was the second
task of ‘this study. |

4, Discussion of Procedures:

a. Untreated Seep Water

(1) Upon receipt of the seep water, analyses were conducted on samples
of the untreated water to determine its quality. The analyses shown in

Table 1 were all conducted according to the procedurés described in the
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TABLE 1 | ANALYSES CONDUCTED ON
' U.N'TREAITED SEEP' W‘AYT.ER‘ N -
4 ‘/
Chemical Oxygen Demand mg/1 COD
Total Orgaﬁic Carbon ! . TOC
Total Inorganic_Cérbon_ K IC ;
Biochemical Oxygen Demand" " BOD
Turbidity O
Color ) o ‘ mg/1
pH | | ,
Alkalinity — mg/1 | ALK
Hardness AT
' Chlorides | o C1
Sulfates : »_.' _ | F'_ SO4'
Nitratés‘ : - e " NO3
Copﬁer S Cu |
Chromium : ‘ “.-,‘ ! Cr
Cadmium o Cd
ITon | k I Fe
Conductivity : o "
~ Total Dissolved Solids  _v S “TDS
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13th Edition of Standard Methods for the Examination of Water and Wastewater

(1971). 1In addition, a wastewater sample was fingerprinted by gas chromato-

‘graphic methods with a Hewlett Packard Model 7620A gas chromatograph with a

4' X 3mm ID Glass 3.8% UCW-98 on 80-100 mesh Diators S column and én electron
capture detector with 63 Ni,source.‘ A Béckman Model 915 Total Carbon Analyzer
was used to determine the total organic carbon (TOC) and the inorganic |
carbon (IC). |

(2) Periodically, untreated samples wérevc011ected and analyzed to ensure
the quality of the water was‘nbﬁ dhanging. This also provided the base 1ine}
for all treatability studies.

b. Reverse Osmosis

(1) The reverse osmosis process flow sheet is shown in Figure 2. This

.scheme permitted extended Operéting periods without changing the quality of

influent water.

(2) Since the primary concern was removal of organics, a cellulose
acetate and a polyamide membrane were selected for study. It was felt that
this would provide a good comparisdn of available membranes.

(3) Based upon the total dissolved solids concentration, a pumping
pressure of 400 psig and a flow rate of 4 gallons per @1nuté were selected as
operating parameters. These operating criteria proved an: édequate drive :
force across the membranes and entran¢e ve1ocity. It éhdu]d be noted that,
due to the difference in size of the cellulose acetate and fhe_po]yamide .
module, these operating'condit%bné wefe not optimum for the polyamide membrane.

¢.  Adsorption Studies

(1) Screening studies were conducted on both granular and;powdered

activated carbons and both polymeric and ion exchange resins by treating
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liter samples of the wa%Ee with one gram of each of the adsorbents 'The
sample and adsorbent slurry was st1rred continuously for thirty m1nutes and
then allowed to stand for f1fteen m1nqtes to permit the separation of.
adsorbent from the wastewater. | | :
(2) The treated water wasjfhen decanted and filtered. This filtered ;f

sample was then analyzed for remaining'TOC concentration. Results were

compared with a blank which was untreated wastewater.

“(3) After selecting the most promising candidates from the screening
tests, more definitive studies were conducted. - In these studieé, the ad-
sorbent dosages were varied to establish optimum treating conditions. The‘%
mixing procedure, however, was the same as that previously described.

d. Ozonation Studies. These studies were conducted using an OREC

Model 03C6 Ozonator which was adjusted to deliver 0.4 grams of ozone per hour.

Ozone concentrations in the wastewater were determined by the method described

in Standard Methods for the Examination of Water and Wasfewater (1977).
5. Results:

a. Analyses of Unfreated Seep Water

(1) Table 2 shows the results of analyses conducted on three samples,

X/

. . s 7
while Table 3 shows the results of pesticide analyses conducted by other (RIS ;{ "
‘ e M

organizations. The results obtained in Table 2 agree closely with those ré‘”iﬁ
(s 7,

obtained by the US Army Env1ronmenta1 Hyg1ene Agency; Shell Chemical at Rockyﬂtﬁlsy/

Mountain Arsenal; Quality Assurance Laboratory, Rocky Mountain Arsenal; and’jrﬁﬁn{

the Colorado State Health Department.
(2) The COD and TOC analyses show reasonably good correlation as did
the inorganic carbon and alkalinity analyses. These four methods were used

throughout the study as checks on the laboratory analyses.
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. TABLE 2

RESULTS OF ANALYSBS OF UNTREATED SEEP WATER

Analysis 9/12/75  8/23/75  10/24/75
Turbidity units 3.0 1.0 unit 1.3 units
- Color units 19 | 18- 18
Total Dissolved Solids mg/1 1300 1350° 1300
Conductivity micronhos/cn " 1850 1850 1825
pH N 7.9 8.0

- Alkalinity mg/1 - 252 256 240
Hardness " 488 498 466
Chlorides - v 232 239 286
Sulfates " 627 540 620

~ Nitrates "o 1.5 f‘ -
Cdpper 0.0 0.0
Chromium " 0.0 0.0
Cadmium " 0,01 0:02
Iron . O.4dv ‘ 0.46
Total~0fganic Carbon. " 38 . l'ﬂ. 41“ ",39
coD . | 0 sy 36 40
BOD "1, <1,




PESTICIDE CONCENTRATION'IN'WATER

" TABLE 3

US Army

‘Concentration in parts per billion (ppb)..

: ‘ State Rocky Shell

Pesticide Health Mt Chemical Environmental
‘ Dept - Arsenal -+ Hygiene Agency

Aldrin 0 - 0 1.4

Dieldrin - - 0.6 0.5

Dié§ébgpenta <50 - 15

Diene : o

Diisopropyl 0 ‘  268 340

Meth?lphosph‘ : .

Endrin - 2.1



(3) Based upon these results, the Total Organic Carbon (TOC) aha]ysfs
was se1ected for use in determining the éfficiency of each unit process study.
The reasoning wasi that.the pesticide concentration was~mUch<10wer_thanvthéfTOC
concentratibn, which indicates that organics other than pesticides Weré |

present in the wastewater.

b. Reverse Osmosis. Figure.3 shows the results of the reverse osmosis

- studies using a wet cellulose acetate membrane (CA) and a polyamide membrane
(PA-300). The PA-300 provided a higher flux rate and a better quality product

water, while the CA membrane reduced the TOC to less than 15 mg/1. The most »‘fﬂi '

B

significant factor is fhé flux raté. With both membranes operating at ﬁ;:{;él

400 psig, the PA-300 has an average flux rate of 19.20 + .86 g/sf/D while b
the CA membrane had anlavergge flux df 13.45 j.1;03 g/sf/D. -fg%;é}ijﬂﬁ

c. Adsorptive Studies o ' "ﬁitfélgmw

- (1) Table 4 shows the results obtained jn screening studies using variouSéZ;L

adsorbents. Based upon these finds, extensive adsorption studies were con- ZCDU”
pase

ducted using Ca1goh 400, Nuchar‘12X40 granuiér cafbons, and Hydro Darco-C
and Darco G-60 powdered carbons. | |

(2) Results of the Nuchar adsorption isotherm and kinétic studies are
shown in Figure 4. This data indicates that a contacting time of 30 minutes
would be required at an adsorption capacity of 27.4 mg/1 TOC per.gram of
carbon. It was obvious from the preliminary data that there was Teachable
~ TOC from the carbbn. After thoroughly washing and drying the carbon in
| distilled water, this was minihized. A question, however, does exist as to

amount of leachable organic that may be expected from granular carbbn,

10
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TABLE 4

System Adsorbent. 'Capacity‘in
mg/1 TOC/gm ADSORB

Granular Calgon 400 3.99
Carbon ' _

NUCHAR . 12 X 40 |  '10.99

- Powdered ~Hydro DafcofC 26.00

Carbon

Darco G-60 , 25,00
Resin ‘ ‘
exchangers: IRA - Anionic 16.99

) - Resin = '

NCA - Cationic 7.98

" . Resin -
XAD-7 Poly Resin 9.01.
XAD-2 Poly Resin| . 7.99

12
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(3) Adsorption isotherm~ for the Darco G;60 is shown in Figure 5.
Regression analyses showed that the adéorption could be predicted with a
correlation coefficient of 0.91 by the equation

X/m = 1.76 (CTOC) + 5.62
where the € is TOC cdncentratioh remaining in milligrams pef liter. The
removal may be expressed‘by

%R = 2.23 (Crge) + 97.22
with a correlation coefficient of 0.97 where Cype is the concentration
remaining. '

(4) The adsorption isotherm for the Hydro Darco-C is shown in Figure 6.

"Adsorption capacity using this carbon may be predicted by

X/m = 1.30 (Crgc) + 7.60
with a correlation coefficient of 0.86. The efficiency of this carbon may
be expressed by |
%R = -3.29 (Croc) + 99.49
with a cofre1ation coefficient pf 1.00. Based upon the Timited data available,
the Hydro Darco-C carboh appears to have the best adsbrptive capacity for the
organics in the seep watef.

(5) Adsorption and coagulation studiés were performed using Darco G-60
and Hydro Darco-C powdered carbon with a cationic coagulant, Catf16§,and ah.
anionic coaéu]ant, Drewfloc 260. The results of thése studies are ghown in
Tables 5 and 6. The results éhowed that the anionic coaguTant, Drewfloc 260,
and Hydfo Dakco-C powder carbon weremost-effectiVe. Figure.7 shows the
optimum  concentration of coagulant required. B |

d. Polymeric and lonic ExchangevResins

Y

(1) Four Amberlite resins (XAD-2, XAD-7, IRA, NCH-W) were used to

14
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TABLE 5

Powdered Carbon with Cationic Polyelectrolyte*
B "‘Coagu1ant ...............................
DARCO G-60 - HYDRO DARCO’C

Catfloc Final Capacity {% Final Capacity %
Dose TOC | mg/1 TOC/|Removal| TOC mg/1l TOC/ Removal
mg/1l | mg/1 0g ADS I 9g ADS
5 25 3.0 10.7 21 7.0 25.0
10 16 12.0 142.9 20 8.0 28.6
20 11 17.0  ]60.7 | 24 4.0 14.3
30 15 13.0 147.4 19 9.0 S 32.1
40 18 10.0 35.7 19 9.0 32.1
50 |11 17.0 60.7 14 14.0 50.0

#*Initial conditions were - 1 gram of powder carbon per liter;

TOC concentration 28 mg/l at pH=7.4

17




TABLE 6

POWDERED CARBON WITH ANIONIC *
COAGULATION

- Drewfloc - : Hydro Darco-C

. Dose "~ Final TOC . Capacity
‘mg/1 _ mg/l - mg/1l TOGC/gram
g ' ’ .. - adsorbent

% Removal

0.2 25 7.
0.5 g 0
0.5 15 s -
5.0 B S 100 B
8.0 100
0.0 125 175 -
110.0 19 110
5.0 28 20
20 26 o 4.0

* Initial Conditions 1 gram Carbon '

Initial Concentration 3o“mg/15Toc-, :

23,
73.
50
63
63

58

13
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TABLE 7 ANIONIC CAPACITY

CAPACITY

IRA FINAL |
DOSE TOC TOC mg/1 % REMOVAL
GRAM mg/1 ' GRAM RESIN -
0 50 0 0
0.25 40 40 20
0.5 30 40 40 -
1.0 46 4 8
1.5 28 14,66 44
2.0 31 14155 38




actual operating conditions and econdmic factors would have to be determined
in larger scale field studies. waeVer, from previous experiences, it is
expected that the design criteria could be developed within four months after
the start of. these field studies.

(3) There 15, however, the problem of disposing of the concentrate
coming from the system, shown in Figure 2. Two alternatives exist for the
disposal of the concentraté; the first is to discharge the concentrate stream
~into Lake F. The second alternative would be to treat the concentrate with
powdered carbon and a coagu]ant and then recycle the water.. The'seéond
alternative is the most practicé] economically andvenvironmenta11y since the
carbbn/coagu1ation process will produce a‘much,sma11er sludge volume than the
conéentraté stream. This wééte sludge from the carbon/coaguIation process is -
also easily dewatered, so the vo]Ume df:so]ids to be disposed of is much
smaller than the concentrate stream.

b. Adsorption Studies

(1) The initial screening showed that granular and powdered activated
;arbons warranted further study. The granular carbons showed much Tower
capacity than expected, as shown in Table 8. The résu1ting effluent concen-
tration was consistently higher than.those obtained withtbtheraadsorptive
processes. Neither the Ca]gbn 400 nor Nuchar 12X40 had adequaﬁe,specific
sites to effectively reduce the TOC of the seép water.. Due to the low
capacity of these carbons, the only application Qf granular carbon wou1d be
as a pretreatment process.

(2) The powdered carbons exhibited high adsorptive capac1ty and excellent

- efficiency as shown by Figures 5 and 6. To effect1ve1y separate the carbon

22




TABLE 8 ADSORPTION ISOTHERMS FOR GRANULAR CARBON

Sample Wt of CALGON 400 NUCHAR 12 x 40
Volume Carbon Final Capacity Final Capacity
(ml) | . (mg) TOC (mg) | mg/l TOC/gm ADS | TOC (mg). | mg/l TOC/gm ADS
,*1006 0 39 - 39
) 100 36 ." 40 33 70
200 36 20 33 . 35,5
'-,éoo 36 13, 50 33,3
e ‘460 36 10 29 27.5 -
" 500 35 10 |  20;0

©

30
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T phaSe from the fluid, it was necessary to use a coagulant such as a cationic

oh anionic polyelectrolyte. The anionic polyelectrolyte was found tb be the
most effective coagulant, as indicated by Table 6. Figures 5 and 7 show that
a dosage of 2 grams per liter of‘carbon and a coagulant dose of 1 mg/1 wou1d
effectively reduce the TOC ccncentration from 40 mg/1 to 5 mg/1. It is
apparent that this process offers the greatest flexibility and control.

c. Polymeric and Ionic Exchange Resin

(1) The only resin. that showed prom1se for treating the seep water was [
an 1ntermed1ate strength anionic exchange resin. This is consistent with

the use of an anionic coagulant.

(2) Based upon the capacity CUrves_shown in Figure ‘8, an ion-exchange

-bed of approximately 100 cf wou]d‘be»nequired to treat-125 ga116ns per minute. .
. The economics of construct1ng such a co]umn plus the cost of regenerant,
“must be studled The prob]em a]so arises as to d1sposa1 of the regenerant f

'wastewater this must also be studied.

d. Qzonation

(1) While ozonation is very effective in destroying the organic material

in the seep water, additional studies are needed for the purpose of identifying

the refractory residuals. The toxicity of these refractory residuals must be
considered, particularly since transformations probab1y occur,

(2) From an economical standpbint, ozonation does not,at this time, seem
feasible, since 170 grams of ozonéaherequired to destroy one gham of TOC.
The required contact . ’e time as shown 1n F1gure 9 is one hour, wh1ch is

extens1ve for differential contact

24 “
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(3) Additional studies are being planned to determine the optimum

contacting pattern and rates of reaction. Studies using UV/ozone will also

be conducted to definitely establish thé effectiveness of this process.
7. Conclusions: |
a. The reverse OsmOSTS process, using thé PA-300 membkane, is a feasib]é
process for treating the seep water. -
b. Powder carbon/coagulation is the most practica] method of treating the
waste,since it provides f]exabiiity and control within the treatment process.
c. Granular carbon adsdrption‘ as well as jon-exchange resins, are
marginally acceptable from an eff1c1ency and economics standpo1nt

d. Ozonat1on warrants further 1aboratory stud1es but should not be

.cons1dered for field-scale studies at th1s time.

8. Recommendat1ons.

a. Field studies should be. conducted at. Rocky Mounta1n Arsenal using a

400 gallon-per-hour carbon/coagu]at1on un1t and a reverse osmosis system w1th

PA-300 membranes.

b. Sanﬁtary Sciences Divisibn of the US Army Mobility Equipment Research

- and Development Center should provide the equipment, project.engineeré,and‘-

data analyses capabilities.

- C. Rocky Mountain Arsena] shou]d prov1de the operat1ona] staff techn1ca1

support, and 1aboratory ana]yses

27




